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A B S T R A C T  

A gene ra l -pu rpose  ex tended  CSM (XCSM) s p a c e c r a f t  has . 
been  i n v e s k i g a t e d  f o r  u s e  i n  t h e  AES program. The p roposed  XCSM 
would p r o v i d e  t h e  desired hardware f l e x i b i l i t y  t o  t h e  program a t  
t h e  c o s t  o f  a r e l a t i v e l y  s m a l l  l o s s  i n  p a y l o a d  on some m i s s i o n s  
f o r  which t h e  s p a c e c r a f t  would n o t  b e  comple t e ly  o p t i m i z e d .  The 
XCSM would be c a p a b l e  of s u p p o r t i n g  a three-man crew on m i s s i o n s  
up t o  45 days i n  earth o r b i t  o r  on l u n a r  m i s s i o n s  such  as a 28-day 
s u r v e y .  

The XCSM, which has an  estimated i n e r t  weight  o f  abou t  
27,000 pounds,  would b e  d e r i v e d  from t h e  Block I1 Apol lo  CSM by 
a s e t  o f  AES m o d i f i c a t i o n s  i n c l u d i n g  an  i n c r e a s e d  supp ly  o f  
expendab les  a n d ’ c r y o g e n i c s  and t h e  a d d i t i o n  o f  r e d u n d a n c i e s  and 
spares f o r  improved r e l i a b i l i t y .  More t h a n  2000  pounds i n  added 
RCS c a p a b i l i t y  f o r  mapping p u r p o s e s ,  which need n o t  be  c a r r i e d  
on non-mapping m i s s i o n s , a r e  i n c l u d e d  i n  t h e  estimated XCSM weight.  

The l i fe t ime of  t h e  Apol lo  CSM may be ex tended  t o  abou t  
2 1  days i n  ear th  o r b i t  p r i m a r i l y  by means o f  a a d d i t i o n  
made i n  s e c t o r  1 of t h e  s e r v i c e  module. T h i s  would be p o s s i b l e  ’ 
i f  abou t  50 pounds of llscar-weight’l ( b r a c k e t s ,  c o n n e c t o r s ,  e t c .  ) 
f o r  t h i s  pu rpose  were b u i l t  i n t o  t h e  Block I1 SM. Such a 21-day 
CSM would be most d e s i r a b l e  f o r  AES u s e  d u r i n g  t h e  p e r i o d  a f te r  
t h e  first l u n a r  l a n d i n g  b e f o r e  XCSM s p a c e c r a f t  are a v a i l a b l e .  
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TECHNICAL MEMORANDUM 

1 . 0  I N T R O D U C T I O N  

The Apollo Ex tens ion  Sys tems (AES)  have been proposed  t o  
implement t h e  x a j o p  c b j e c t i v e s  of U .  S .  manned s p a c e  f l i g h t  opera-  
t i o n s ,  namely e x p l o r a t i o n  and s c i e n t i f i c  i n v e s t i g a t i o n  o f  nea r -  
e a r t h  s p a c e  and of t h e  moon. 
sys t ems  must b e  des igned  f o r  a p p l i c a t i o n  t o  ea r th  o r b i t a l  and l u n a r  
e x p l o r a t i o n .  
t o  b e  s h i f t e d  t o  meet new o p p o r t u n i t i e s  which may deve lop  as t h e  
program p r o g r e s s e s .  
ments  of  t h e  Eipol.l.o E x t e n s i z n  Systems he a b l e  t o  o p e r a t e  i n  s e v e r a l  
modes. 
e x t e n s i o n s  of Apol lo  hardware and n o t  new developments .  

I n  o r d e r  t o  accompl ish  t h e s e  o b j e c t i v e s ,  

I n  a d d i t i o n  they  must be  f l e x i b l e  enough t o  b e  ab le  

Such v e r s a t i l i t y  r e q u i r e s  t h a t  t h e  ma jo r  e l e -  

However, t h e  major  AES hardware e l emen t s  a r e  t o  b e  t r u l y  

A number o f  s t u d i e s  i n t o  methods o f  i n c r e a s i n g  Apol lo  
s p a c e c r a f t  c a p a b i l i t i e s  have been  u n d e r t a k e n .  I n  t h e  c u r r e n t  de- 
s i g n  o f  t h e  Block I1 Command/Service Module ( C S M ) ,  t h e  o p e r a t i o n a l  
l i f e t i m e  has an  upper  bound o f  abou t  twe lve  d a y s ,  s e t  p r i m a r i l y  
by t h e  c a p a c i t y  of t h e  c ryogen ic  sys tem.  
C S M  l i f e t i m e  e x t e n s i o n s ,  l aunch  v e h i c l e  c a p a b i l i t y  and s y s t e m s  
r e l i a b i l i t y ,  t h e  p r e l i m i n a r y  AES f l i g h t  m i s s i o n  ass ignment  p l a n  
i n c l u d e s  t h r e e  g e n e r a l  manned-mission t y p e s :  e a r t h  o r b i t a l  m i s s i o n s  
of 30-45 days  d u r a t i o n ,  l u n a r  o r b i t a l  m i s s i o n s  o f  28 days  p l u s  
t r a n s l u n a r  and t r a n s e a r t h  t i m e ,  and l u n a r  s u r f a c e  m i s s i o n s  of  1 4  
d a y s  p l u s  t r a n s i t  t ime.  I n  o r d e r  t o  accompl ish  t h e  proposed  AES 
3IiSSlons s u c c e s s f u l l v  w i t h  m o d i f i e d  B l o c k  I1 C S M  s p a c e c r a f t ,  t h e  

Based on t h e  s t u d i e s  o f  

Fo 11 owing 

( a )  

t y p e s  of m o d i f i c a t i o n s  must be  made: 

I n c r e a s e  t h e  s p a c e c r a f t  supp ly  o f  expendab les  f o r  
t h e  env i ronmen ta l  c o n t r o l ,  e l e c t r i c a l  power,  r e a c t i o n  
c o n t r o l ,  and crew s y s t e m s .  

Modify c e r t a i n  s y s t e m s  t o  p e r f o r m  s p e c i f i c  AES 
m i s s i o n s  f u n c t i o n s  ( e . g . ,  a d a p t  t h e  s t a b i l i z a t i o n  
and c o n t r o l  system f o r  mapping a t t i t u d e  c o n t r o l ) .  

Add redundanc ie s  and spares  t o  v a r i o u s  s p a c e c r a f t  s y s t e m s  
t o  meet t h e  m i s s i o n  r e l i a b i l i t y  g o a l s .  
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The changes mentioned i n  t h e  f i r s t  c a t e g o r y  w i l l  p robab ly  
b e  t h e  most e x t e n s i v e  and i n v o l v e  t h e  major  s p a c e c r a f t  we igh t  
change. F u r t h e r  d e t a i l s  a r e  g i v e n  below. 

2 . 0  MODIFICATION SCHEMES 

How can t h e s e  m o d i f i c a t i o n s  most e f f e c t i v e l y  b e  made 
w h i l e  a d h e r i n g  to t h e  AES ground r u l e s ?  Two p o s s i b l e  answers  a r e :  
t a i l o r  each  s p a c e c r a f t  f o r  a s p e c i f i c  m i s s i o n  or produce  a g e n e r a l -  
pu rpose  CSM which c o u l d  perform any AES m i s s i o n .  

2 . 1  U N I Q U E  SPACECRAFT FOR EACH MISSION 

3 y  a d o p t i n g  t n i s  approach ,  s p a c e c r a f t  weight  can  be  re- 
duced to a minimum by o p t i m i z i n g  t h e  s p a c e c r a f t  f o r  each  m i s s i o n ,  
t h e r e b y  a l l o w i n g  g r e a t e r  e x p e r i m e n t a l  pay loads  to be  f lown.  F u r t h e r -  
more, t h e  s p a c e c r a f t  systems c o u l d  be a l t e r e d  t o  b e  more compa t ib l e  
w i t h  t h e  p a r t i c u l a r  exper iments  b e i n g  f lown i n  o r d e r  t o  y i e l d  b e t t e r  
e x p e r i m e n t a l  r e s u l t s .  On t h e  o t h e r  hand ,  such  a n  approach  would 
undoubtedly  r e q u i r e  more e x t e n s i v e  m o d i f i c a t i o n ,  depending  on t h e  
degree t o  which t h e  " t a i l o r i n g "  were c a r r i e d  o u t ,  and would lead  
to a p r o l i f e r a t i o n  of  custom b u i l t  s p a c e c r a f t .  S i n c e  s p a c e c r a f t  
would n o t  b e  i n t e r c h a n g e a b l e  between m i s s i o n s ,  a s e r i o u s  loss of  
t h e  f l e x i b i l i t y  for which t h e  AES program i s  s t r i v i n g  would r e s u l t .  

2 - 2  GENERAL-PURPOSE SPACECRAFT 

With t h i s  approach ,  a l l  mod i f i ed  AES s p a c e c r a f t  would 
b e  e s s e n t i a l l y  t h e  same r e g a r d l e s s  o f  t h e i r  m i s s i o n  a s s ignmen t .  
They would b e  s i z e d  f o r  t h e  l o n g e s t  m i s s i o n  w i t h  t h e  c a p a b i l i t y  
to perform t h e  most d i f f i c u l t  m i s s i o n .  Any expe r imen t s  c a r r i e d  
i n  t h e  CSM would, however, s t i l l  b e  u n i q u e l y  des igned  f o r  a g i v e n  
m i s s i o n .  T h i s  approach  would r e s u l t  i n  a heav ie r - than -necessa ry  
s p a c e c r a f t  f o r  some m i s s i o n s ;  however,  s p a c e c r a f t  development 
would b e  more e f f i c i e n t  and t h e  o p e r a t i o n a l  f l e x i b i l i t y  r e s u l t i n g  
from i n t e r c h a n g e a b l e  s p a c e c r a f t  would be  a v a i l a b l e .  

O f  t h e s e  two p o s s i b i l i t i e s ,  t h e  more p ruden t  c h o i c e  
appears to be to a d h e r e  as c l o s e l y  as p o s s i b l e  t o  t h e  concept  o f  
a gene ra l -pu rpose  s p a c e c r a f t .  I n  most c a s e s  t h e  advan tage  o f  
f l e x i b i b i l i t y  a p p e a r s  to be more i m p o r t a n t  t h a n  t h e  r e l a t i v e l y  
small  l o s s  of  pay load .  This  i s  p a r t i c u l a r l y  t r u e  i n  t h e  e a r l i e r  
phases  of t h e  AES program when i t  s h o u l d  d o v e - t a i l  n e a t l y  w i t h  t h e  
mains t ream Apol lo  program and when r e s u l t s  from e a r l y  AES f l i g h t s  
may i n d i c a t e  t h e  need f o r  changes i n  s c h e d u l e  or program emphasis  
i n  o r d e r  t o  t ake  advan tage  o f  newly-acquired knowledge. F u r t h e r -  
more, t h e  l a t t e r  approach  i n v o l v e s  a l e s s  complex m o d i f i c a t i o n  
program, from b o t h  t e c h n i c a l  and m a n a g e r i a l  a s p e c t s ,  and f u r t h e r  



f o l l o w s  t h e  "Block" ph l l a sophy  a l r e a d y  i n  u s e  i n  the ApDllo program. 
For t h e s e  r e a s o n s  i t  was dec ided  $0 i n v e s t i g a t e  the  m o d j f i c a t i o n s  
n e c e s s a r y  to p r o v i d e  a n  a l l - p u r p o s e  ex tended  CSM (XCSM) f o r  u s e  
i n  a l l  b u t  t h e  f i r s t  s t a g e s  o f  t h e  AES program, 

I n  t h e  e a r l y  s t a g e s  of  t h e  AES prDgram, because  o f  t h e  
AES ground r u l e s  d i c t a t i n g  n o n - i n t e r f e r e n c e  w i t h  Apo l lo ,  a t  l e a s t  
a y e a r  o r  more d e l a y  w i l l  3ccur  between t h e  f i r s3  " a s s u r e d "  l u n a r  
l a n d i n g  and t h e  a v a i l a b i l i t y  o f  a sQpply  o f  mod l f i ed  s p a c e c r a f t  
f o r  AES. ( S c h e d u l i n g  d e t a i l s  a re  d i s z u s s e d  i n  P a r t  VI1 o f  this 
r e p o r t . )  During t h i s  i n t e r i m  p e r i o d ,  on ly  unmodif ied s p a c e c r a f t  
w i t h  l i m i t e d  c a p a b i l i t y  w l l l  be a v a i l a b l e  f o r  t h e  AES program makfpg 
i t  d i f f i c u l t  t o  de t e rmine  w3rthwhi2.e m i s s i o n s  However, i f  a 
r e l a t i v e l y  small anoimt "sc:ar-weight" m a t e r i a l ,  skich as b r a c k 2 t s  
and plumbing c o n n e c t Q r s ,  were added i n  s e c t o r  I of  t h e  Block Ii 
s e r v i c e  module,  a p lug - in  m 9 d i f i c a t i o n  could. b e  made which would 
e x t e n d  t h e  l i f e t i m e  c a p a b i l i t y  of  the Block I1 CSM f o r  e a r t h -  
o r b i t a l  m i s s i o n s  t o  about  2 1  d a y s .  This a l t e r n a t i v e  h a s  a l s o  
been c o n s i d e r e d  i n  more d e t a i l  b e l 2 w  

In o r d e r  + o  detsermive The l o n g e s t  and most d i f f i c u l t  
m i s s i o n s  for t h e  ASS, Lracleoffs must b e  c o n s i d e r e d  among w e i g h t ,  
l i f e t i m e  c a p a b i l i t y  and r e l i a b i l i t y  of  s p a c e c r a f t  sys t ems ,  e x p e r i -  
meptal  payload  r e q u i r e d  to r e z u r n  wor thwhi le  i n f 9 r m a t i o n Y  and 
l aunch  v e h i c l e  per formance  for t h e  d e s i r e d  m i s s i o n  p r o f i l e ,  
(Launch v e h i c l e  performance and payload  we igh t s  are  d i s c u s s e d  i n  
P a r t  I1 of  t h i s  r e p o r t )  According tr, t h y  Nor th  4merican A v f a t i o n ,  
I n c , ,  Apoll2-X F i n a l  Kcport  ( S I D  6 4 - 1 8 f C ,  C o n t r a c t  No, N A S  9 - 3 1 4 0 ) ,  
t h e  CSM c,ou.i.d be  ex tended  t.;, 9 0  d a y s  d - i r a t i o n  i n  e a r t h  o r b i t .  
However, based  on Sa tu rn  TB l ' m 5 f - s  b y  hrhich +,be s p a c e c r a f t  must 
be s i z e d  i n  o r d e r  to r e t a i n  t h e  S a t u r n  I B  - Sat lwn 'J  f l e x i b i l i t y ,  
t h i s  90 day 7.ersiot-a of  t h 3  CSM >-eaves y10 weight  f o r  any e x p e r i -  
mental payload  or f3r a l a b o r a t o r y  module.  A l so ,  such  a s p a c e c r a f t  
would no t  ha-re lunar-survey-rnl s s i c n  c a 2 a b i l i t y  A m i s s i o n  d u r a t i o n  
o f  about  45 days  n 3 w  appea r s  t o  be  more i-easznable from bo th  pay- 
l o a d  and s y s t e m s  r e l i a b i l i t y  c o n s i d e r a t i a n s o  From t h e  per formance  
a s p e c t s ,  a long-d l i ra f lon  j38-day) l u n a r  mapplng mfss ion  i s  t h e  
m c s t  d i f f i c u l t  rl It Guts near-maximum demands on \ r f r t u a l l y  eve ry  
ma;or s p a c e c r a f t  s y s t e m ,  W h i l e  of l o n g e r  d u r a t i o n ,  e a r t h  o r b l t a l  
m i s s i o n s  can t o l e r a t e  l w e p  r e l i a b i l i t y  for t h e  same crew s a f e t y  
and m i s s i o n  S U C S P S S  probahili :y because  o f  t h e  r e l a t i v e  ease o f  
r e t u r n  t o  e a r t h  and the s h a r t e r  re+ ,urn  t i m e .  

Thus t h e  XCSM w i t h  a three-man crew can b e  s i z e d  f o r  a 
45-day e a r t h  o r b i t a l  m i s s i m  and can b e  c a p a b l e  g f  pe r fo rming  t h e  
f u n c t i o n s  of a 28-day l u n a r  mapplrig. T h e  r e s u l t i n g  XCSM would 



have an  estimated t o t a l  i n e r t  weight o f  about  27,000 pounds d i v i d e d  
rough ly  as f o l l o w s :  1 2 , 0 0 0  pounds f o r  t h e  ex tended  CM and 1 3 , 0 0 0  
f o r  t h e  SM p l u s  2 , 0 0 0  f o r  R C S .  A d e t a i l e d  breakdown o f  t h e  d e r i v a -  
t i o n  o f  t hese  we igh t s  i s  g iven  i n  t h e  Appendix. S i n c e  t h e  added 
R C S  weight i s  needed p r i m a r i l y  for de ta i l ed  mapping, i t  has been 
s i n g l e d  ou t  as a p o s s i b l e  e x c e p t i o n  t o  t h e  a l l - p u r p o s e  m o d i f i c a t i o n  
p r o c e d u r e .  It migh t  p rove  advantageous  t o  p r o v i d e  t h i s  added RCS 
c a p a b i l i t y  as a s p e c i a l  "mapping-mission m o d i f i c a t i o n ' '  and t h e r e b y  
f r e e . m o r e  weight  for e x p e r i m e n t a l  pay load  on o t h e r  m i s s i o n s .  

Most o f  t h e  a d d i t i o n s  t o  t h e  s e r v i c e  module are b u l k  
items such  as r e a c t a n t s ,  t a n k s ,  f u e l  c e l l s ,  e t c . ,  which are i n s e r t e d  
i n  a r e l a t i v e l y  s t r a i g h t f o r w a r d  a r r angemen t .  T h i s  a c c o u n t s  f o r  t h e  
g r e a t e r  p o r t i o n  o f  t h e  t o t a l  weight a d d i t i o n  t o  t h e  X C S M .  The 
a d d i t i o n s  t o  t h e  command module a r e  no l e s s  i m p o r t a n t ,  however.  
Besides e s s e n t i a l s  such  as food  and L i O H ,  t h e s e  i t ems  i n c l u d e  
r e d u n d a n c i e s  and spares w h i c h  are needed t o  improve t h e  command 
module sys tems r e l i a b i l i t y  for t h e  l o n g  d u r a t i o n  m i s s i o n s .  

The 27,000 pound f i g u r e  i s  t h e  i n e r t  s p a c e c r a f t  w e i g h t ,  
t h a t  i s , w i t h  no s e r v i c e  p r o p e l l a n t  i n c l u d e d .  The  SPS p r o p e l l a n t  
c a p a c i t y  i s  abou t  4 0 , 0 0 0  pounds.  The a c t u a l  p r o p e l l a n t  l o a d i n g  
may va ry  from f u l l  c a p a c i t y  f o r  l u n a r  m i s s i o n s  t o  a minimum of  
abou t  1 0 0 0  pounds r e q u i r e d  for r e e n t r y  from l o w - a l t i t u d e  e a r t h  
o r b i t .  The s p a c e c r a f t  weight  does  n o t  i n c l u d e  t h e  LEM adap te r ,  
which weighs about  3800 pounds.  The XCSM t o t a l  weight i s  g i v e n  
for a 45-day m i s s i o n .  If s h o r t e r - d u r a t i o n  m i s s i o n s  are  f lown,  some 
expendab les  cou ld  b e  offloaded--apprpximately 75 pounds p e r  day 
l e s s  t h a n  45. 

The assumpt ion  has been t a c i t l y  made t h a t  t h e  added f u e l  
c e l l s  and c r y o g e n i c s  would b e  i n s t a l l e d  i n  s e c t o r  1 o f  t h e  SM and 
most o f  t h e  expe r imen t s  i n  a l a b o r a t o r y  module. T h i s  a r rangement  
i s  n e i t h e r  un ique  n o r  t h e  only workable  one.  However, t h e  pu rpose  
o f  t h i s  s t u d y  i s  t o  g i v e  an  i n d i c a t i o n  of t h e  amount o f  a d d i t i o n a l  
we igh t  r e q u i r e d  t o  modify t h e  Block I1 CSM f o r  AES. T h i s  r e q u i r e d  
we igh t  i s  e s s e n t i a l l y  unchanged r e g a r d l e s s  of  where i t  i s  i n s t a l l e d .  
N e v e r t h e l e s s  i t  shou ld  be  p o i n t e d  o u t  t h a t  t h e  s u b j e c t  o f  optimum 
sys t em arrangement  i n  t h e  ex tended  s p a c e c r a f t  modules must b e  
g i v e n  f u r t h e r  s t u d y .  

4 . 0  SCAR-WEIGHT EXTENSIONS 

During t h e  i n t e r i m  p e r i o d  between t h e  f i rs t  " a s s u r e d "  
l u n a r  l a n d i n g  and t h e  a v a i l a b i l i t y  o f  mod i f i ed  s p a c e c r a f t ,  i t  i s  
d e s i r a b l e  t o  have some means o f  e x t e n d i n g  t h e  Block I1 CSM 
l i f e t i m e  c a p a b i l i t y  for AES m i s s i o n s .  By t a k i n g  t h e  sca r -we igh t  
approach  ( i . e . ,  making minor m o d i f i c a t i o n s  t o  Block I1 s p a c e c r a f t )  
i t  would b e  p o s s i b l e  t o  ex tend  e a r t h  o r b i t a l  m i s s i o n  times t o  
a b o u t  2 1  days .  T h i s  cou ld  b e  accompl ished  by i n s e r t i n g  a "p lug- in"  



a d d i t i o n  t o  t h e  c r y o g e n i c  s u b s y s t e m  and EPS i n  s e c t o r  1 o f  t h e  
Block I1 SM. T h i s  s c h e m e - i s  f ea s ib l e  i f ,  d u r i n g  t h e  assembly 
o f  t h e  SM, s u i t a b l e  b r a c k e t s  are i n s t a l l e d  and a p p r o p r i a t e  w i r i n g ,  
plumbing l i n e s  and connec to r s  are brought  o v e r  t o  s e c t o r  1. Then 
a s t r u c t u r e  c o n t a i n i n g  a f u e l  c e l l  and oxygen and hydrogen t a n k s  
c o u l d  be  r e a d i l y  i n s e r t e d .  The sca r -we igh t  would amount t o  an  
es t imated 50 l b s .  The p lug - in  a d d i t i o n  and e x t r a  expendab les  f o r  
a 21-day m i s s i o n  would w e i g h  abou t  1 0 0 0  pounds ( a  de t a i l ed  break- 
down i s  g i v e n  i n  t h e  Appendix) .  

5 .0  C O N C L U S I O N  

The Block I1 Apollo CSM can  b e  modified t o  pe r fo rm 
proposed  AES m i s s i o n s  of up t o  45-days d u r a t i o n .  While t h i s  i s  n o t  
t h e  u l t i m a t e  l i f e t i m e  t o  which t h e  CSM sys t ems  can  b e  pushed ,  i t  
does  r e p r e s e n t  a r e a s o n a b l e  l i m i t  based on s p a c e c r a f t  c a p a b i l i t y ,  
r e l i a b i l i t y  and pay load .  T h i s  ex tended  CSM cou ld  b e  produced by 
means o f  a genera l -purpose- type  m o d i f i c a t i o n  c o n s i s t i n g  p r i m a r i l y  
o f  added consumables ,  r edundanc ie s  and c r y o g e n i c  subsys tem c a p a c i t y .  
The i n e r t  weight  o f  t h e  XCSM i s  estimated t o  be abou t  27 ,00Olbs . ( ' 3PS  
p r o p e l l a n t  n o t  i n c l u d e d ) .  The arrangement  o f  t h e  subsys tem ex ten -  
s i o n s  i n  t h e  v a r i o u s  AES modules t o  p r o v i d e  maximum f l e x i b i l i t y  
and minimum m o d i f i c a t i o n  needs f u r t h e r  s t u d y .  It a l s o  seems p o s s i b l e  
t o  produce  an  i n t e r i m  XCSM c a p a b l e  o f  c a r r y i n g  o u t  ear th  o r b i t a l  
m i s s i o n s  o f  about  2 1  days  d u r a t i o n  b y ' t h e  a d d i t i o n  o f  approx ima te ly  
1 0 0 0  l b s .  

The major  problem would b e  t h e  a c t u a l  accomplishment o f  
t h e  s p a c e c r a f t  m o d i f i c a t i o n .  The q u e s t i o n  o f  how and where a l l  t h e s e  
m o d i f i c a t i o n s  would b e  made h a s  n o t  been c o n s i d e r e d .  The problem 
o f  i n t e g r a t i o n  o f  any expe r imen t s  i n t o  t h e  C S M  has n o t  been probed  
e i t h e r .  Fu r the r  s tudy  i n  these areas will be requi red  t o  e n s u r e  a 
smooth o p e r a t i o n .  

There  are  many lesser  problems which a r i s e  when e x t e n d i n g  
t h e  c a p a b i l i t y  o f  v a r i o u s  CSM s y s t e m s ,  e . g . ,  t h e  s t o r a g e  of t h e  
a d d i t i o n a l  11cub ic  f e t  of L i O H  c a n i s t e r s  needed f o r  C 0 2  removal .  
Such problems w i l l  have t o  b e  f a c e d  d u r i n g  a more d e t a i l e d  look  a t  
t h e  X C S M .  The b a s i c  XCSM c o n c e p t m p e a r s  sound n e v e r t h e l e s s .  

1011-KEM-mph K .  E. 'Martersteck 



A 1 . O  XCSM M o d i f i c a t i o n  Weight 

T h i s  appendix  d e t a i l s  t h e  weight  changes r e q u i r e d  i n  t h e  
ex tended  command and s e r v i c e  modules f o r  t h e  AES m i s s i o n s .  The 
weight a d d i t i o n s  t a b u l a t e d  below i n c l u d e  s u f f i c i e n t  expendab les  
f o r  a 45-day m i s s i o n  and s p a c e c r a f t  c a p a b i l i t y  f o r  a 28-day l u n a r  
su rvey  m i s s i o n .  A l l  weights have been es t imated t o  t h e  n e a r e s t  
t e n  pounds.  

EXTENDED COMMAND MODULE WEIGHT ( l b s . )  

Sys tem 

scs 
G & N  

C r e w  Sys t ems  
EPS 

Communicat I o n s  
ECS 
T o t a l  
Block I1 CM C o n t r o l  Weight 
XCM T o t a l  

Weight A d d i t i o n  

60 
80 

200 
60 

50 
350 
800 

1 1 , 0 0 0  
1 1 , 8 0 0  

The a d d i t i o n s  t o  t h e  s t a b i l i z a t i o n  and c o n t r o l  s y s t e m  
(SCS) and gu idance  and n a v i g a t i o n  system ( G & N )  are  f o r  m o d i f i c a t i o n s  
t o  e l e c t r o n i c s  and l o g i c  f o r  p r e c i s e  a t t i t u d e  c o n t r o l ,  e . g . ,  
a d d i t i o n  of  a h o r i z o n  s e n s o r ,  redundancy and s p a r e s  f o r  improved 
r e l i a b i l i t y  (weights  estimated from Apollo-X R e p o r t ,  V o l s .  2 and 1 7 ) .  

The Block I1 CM c a r r i e s  38 man-days food  bupply.  To 
complete  a 45-day m i s s i o n  a t h r e e  man crew r e q u i r e s  a n  a d d i t i o n a l  
97 man+days s u p p l y .  Thus 200  pounds more food (consumed a t  abou t  
2 pounds p e r  man p e r  d a y )  are i n c l u d e d  under  crew systems. 

Redundancy and s p a r e s  accoun t  f o r  t h e  e x t r a  weight  shown 
i n  t h e  XCM f o r  t h e  e l e c t r k c a l  power system (EPS)  and communications 
system (est imated from Agollo-X R e p o r t ,  Vols.  4 and 1 8 ) .  EPS 
equipment l o c a t e d  i n  t h e  CM i n c l u d e s  b o t h  AC and DC power d i s t r i b u t i o n  
systems. I n  a d d i t i o n  t o  improving t h e  r e l i a b i l i t y  o f  t h e  communi- 
c a t i o n s  system, i t  may b e  d e s i r a b l e  t o  upgrade  t h e  sys t em c a p a c i t y ,  
p a r t i c u l a r l y  between CM and LEM f o r  o c c a s i o n s  when t h e  two modules 
a re  s e p a r a t e d .  



F o r  CO removal i n  t h e  CM env i ronmen ta l  c o n t r o l  sys tem 
(ECS), t h e r e  musz b e  an  a d d i t i o n a l  1 0 0  man-days supp ly  o f  L i O H ,  
which i s  used  a t  t h e  r a t e  of 3 pounds p e r  man p e r  day .  The s t o r a g e  
o f  t h i s  300  pounds o f  L i O H  ( abou t  11 c u .  f t .  i n  volume) may prove  
t o  be a problem. It  has been assumed t h a t  some L i O H  c a n i s t e r s  can 
be  s towed i n  a l a b o r a t o r y  module. The  problem cou ld  be avo ided  i f  
t h e  ECS were r e d e s i g n e d  t o  i n c o r p o r a t e  a m o l e c u l a r  s i e v e  for C 0 2  

removal .  F i f t y  pounds are al lowed f o r  minor  m o d i f i c a t i o n s  of t h e  
ECS t o  improve i t s  long-dura t ion  c a p a b i l i t y ,  e . g . ,  a d d i t i o n  o f  a 
c a t a l y t i c  b u r n e r  f o r  removal of  t r a c e  con taminan t s  and a r edundan t  
compressor  c i r c u i t .  

EXTENDED SERVICE MODULE WEIGHT ( l b s . )  

System Weight A d d i t i o n  

ECS 360 
EPS 2,530 
T o t a l  2,890 
Block I1 SM C o n t r o l  Weight 1 0 , 0 0 0  

XSM S u b t o t a l  12,890 
XCSM S u b t o t a l  24,690 
RCS 2,200 
XSM T o t a l  
XCSM T o t a l  

15,090 
26,890 

The ECS weight  a.dded i n  t h e  SM i s  f o r  oxygen, which i s  
consumed a t  t h e  m e t a b o l i c  r a t e  of  2 pounds p e r  man-day and a t  a 
l e a k a g e  r a t e  o f  abou t  5 pounds p e r  day .  The a d d i t i o n a l  t a n k a g e  
r e q u i r e d  t o  s t o r e  t h i s  oxygen i s  accoun ted  f o r  a l o n g  w i t h  EPS 
t a n k a g e .  

I n  t h e  Apollo-X Repor t ,  Vo l s .  2 and 4 ,  NAA recommends 
a d d i n g  2 f u e l  c e l l s  ( abou t  250 pounds e a c h )  t o  e x t e n d  t h e  c a p a b i l i t y  
and r e l i a b i l i t y  o f  t h e  EPS. T h i s  i s  p robab ly  an  o p t i m i s t i c  
recommendation based  on f u e l  c e l l  per formance  t o  da te .  However, 
r e c e n t  i n d i c a t i o n s  from P r a t t  & Whitney, t h e  f u e l  c e l l  c o n t r a c t o r ,  
a re  t h a t  t h e  s i t u a t i o n  i s  improving.  There i s  room i n  t h e  SM t o  add 
a t h i r d  a d d i t i o n a l  c e l l  i f  i t  s h o u l d  be needed .  F o r  an  e s t i m a t e d  
a v e r a g e  power consumption of 1 . 8  kw, 1 5 4 0  pounds of s u p e r c r i t i c a l  
r e a c t a n t s  ( 1 4 0  pounds o f  hydrogen and 1 4 0 0  pounds o f  oxygen) and 
490 pounds of t a n k s  must be added ( V o l .  9 ,  Apollo-X R d p o r t ) .  



The R C S  r equ i r emen t s  f o r  mapping m i s s i o n s  have been s e t  
a p a r t  as a p o s s i b l e  e x c e p t i o n  t o  t h e  gene ra l -pu rpose  XCSM c o n c e p t .  
The 2 , 2 0 0  pounds i n d i c a t e d  ( 6 0 0  f o r  t a n k s  and 1 6 0 0  f o r  p r o p e l l a n t s )  
was e s t i m a t e d  by NAA (Apol lo-X r e p o r t ,  V o l .  2 ) .  The m i s s i o n  p ro -  
f i l e  f o r  l u n a r  mapping i s  under  s t u d y  and may r e q u i r e  less RCS 
capacri ty ,  depending  on w h a t  coverage  and a t t i t u d e  c o n t r o l  f i n a l l y  
prove  t o  b e  n e c e s s a r y .  

A2 .0  SCAR-WEIGHT A D D I T I O N S  

The CSM l i f e t i m e  c a p a b i l i t y  could  be augmented somewhat 
by a p l u g - i n  a d d i t i o n  t o  s e c t o r  1 of t h e  SM and a n  i n c r e a s e  i n  
expendab les  stowed i n  t h e  CM. The f o l l o w i n g  t a b l e  l i s t s  t h e  
w e i g h t  changes i n  t h e  CSM for a 21-day m i s s i o n  u s i n g  t h i s  approach .  
Again ,  t h e  we igh t s  have been e s t i m a t e d  t o  t h e  n e a r e s t  10  pounds .  

21-DAY XCSM WEIGHTS ( l b s . )  

Svs t em 

Crew S y s t e m s  

ECS 

EPS 

T o t a l  

Weight Add i t ion  

50 
180 
800 

1 , 0 3 0  

The a d d i t i o n a l  crew sys tems weight  i s  f o r  25  man-days 
food  s u p p l y ,  s t o r e d  i n  t h e  C M .  Oxygen and L i O H  c o n s t i t u t e  t h e  
a d d i t i o n  t o  t h e  ECS. One ex t r a  f u e l  c e l l ,  r e a c t a n t s ,  t a n k s  and 
b r a c k e t s  must be added t o  t h e  EPS.  


